Major visual loss in sickle cell disease may result from vitreous haemorrhage or retinal detachment, both consequences of proliferation of retinal blood vessels. It has been suggested'2 that peripheral arteriolar closure is the initiating event in an orderly progression of vascular changes culminating in the development of proliferative sickle retinopathy (PSR). PSR is more common in SC disease,35 yet there is evidence that peripheral closure is equally common in homozygous sickle cell (SS) disease and sickle cell-haemoglobin C (SC) disease.34 This implies that progression to PSR is not inevitable. Spontaneous resolution of PSR may occur more commonly in SS disease,6 and the disparity between phenotypic expression of the 2 genetic abnormalities may reflect only a different predisposition to the development of preretinal blood vessels.
Retinal vascular changes in childhood have been reported rarely,7 yet identifying early vascular abnormalities and their relationship to PSR may be crucial to the understanding of the genesis of PSR. A cohort study of sickle cell disease in which infants have been Correspondence to Professor A. C. Bird. followed up from birth has provided an opportunity to assess the early retinal vascular changes in a well documented and representative sample of children with SS and SC disease.
Patients and methods
Since mid-1973 cord blood samples from approximately 95% of all nonoperative deliveries at the main Government maternity hospital (Victoria Jubilee Hospital) in Kingston, Jamaica, have been screened by electrophoresis on cellulose acetate and agar gel. (Fig. 3) , arteriolar bypass channels, arteriovenous communications, and abnormal tortuosity (Fig. 4) .
Pathological avascular zones in the macular region were not seen.
HAEMORRHAGE
Single peripheral intravitreal haemorrhage occurred in 2 patients (1 SS, 1 SC). The preretinal blood was not obviously associated with intraretinal haemorrhage or forward vessels, though in both cases the haem- orrhage occurred at the junction of perfused and occluded capillary beds. One of these patients had an additional linear intraretinal haemorrhage.
PERIPHERAL RETINAL CHANGES
Discrete retinal patches of discoloration occurred in 22 (37%) SS children and in 9 (24%) SC children. These lesions varied from 0(5 to 3 mm in diameter, and there were up to 12 lesions in any eye. Some were flat, varying in colour from brown to grey, and were occasionally associated with irridescent spots within them. Others were raised and were frequently a similar colour to, or darker than, the adjacent retina and were surrounded by a light reflex. One lesion appeared to be cystic. Some patches had a central white spot which itself was occasionally raised. (unpublished observations) implies that PSR may soon develop in this patient group. Opacification of the arteriolar walls was relatively common in children with SS and SC disease but did not occur in control children. In most cases this was apparent only at the edge of the blood column, but in 2 patients the whole blood vessel wall was opaque. The sheathing affecting long segments of the retinal blood vessels simulated sheathing seen in retinal ischaemia rather than the multifocal opacifications seen in retinal vasculitis or following embolism without prolonged ischaemia. However, it is difficult to accept that there had been prolonged retinal ischaemia in the presence of an intact capillary bed, though it is possible that transient ischaemia causes greater endothelial damage in sickle cell disease than in patients with a normal genotype. That vascular obstruction had occurred is supported by the presence of arteriolar by-pass channels seen in one patient without arteriolar occlusion.
In 1971 Goldberg' suggested that retinal arteriolar occlusion was the initiating event in sickle cell retinopathy, but his study on peripheral remodelling9 and observations on these children imply a more complex sequence of events. If sheathing is evidence of primary vascular disease, it predates capillary changes in many patients. Coarsening of the capillary beds with large, long capillaries which were fewer than normal occurred without closure in some children and appeared to predate retinal nonperfusion. These observations imply that closure occurs after complex capillary remodelling, which may be a response to intermittent or chronic vascular compromise occurring over a period of time. This is not to deny that the obstruction is at the arteriolar level but to suggest a more complex process than solitary arteriolar obstruction.
NEURORETINAL CHANGES
Discrete retinal patches of a red or brown colour occasionally containing glistening reflexes were one of the commonest findings, occurring in 31 patients, and were frequently multiple in an affected eye. These lesions had some characteristics previously ascribed to 'schisis cavities,' which are thought to arise from the resolution of intraretinal haemorrhages.' " If the same mechanism applies to these lesions in children, it implies that previous intraretinal haemorrhage must have been common in this group. During the study period an intraretinal haemorrhage was identified in only one patient and another patient had a localised haemorrhage in front of the retina which might have resulted from an intraretinal haemorrhage rupturing through the inner limiting membrane. The presence of a normal capillary bed in many of the patches suggests that the process which gives rise to haemorrhage, and the haemorrhage itself, do not necessarily have any discernible affect on the retinal vasculature.
Peripheral retinal colour changes did not occur in controls and were presumably related to sickle cell disease. The colour changes were not due to retinal pigment epithelial abnormalities as fluorescein angiography showed no altera'tion of pigment epithelial transmissiou characteristics. Condon and Serjeant34 attributed whitening of the peripheral retina to oedema which resolved as the neuroretina became thinner, but fluorescein angiography showed no evidence of retinal oedema in the present study. Intermittent vascular obstruction might cause multifocal and ill-defined areas of retinal thinning due to infarction, with consequent changes of the vitreous base and inner limiting membrane. This would be homologous to the facets seen in the posterior retina.'2 Such a hypothesis could be tested only by histopathological examination of the affected eyes.
VITREOUS CHANGES
Layered radial opacities in the vitreous base were common in children with SS and SC disease but also occurred in one control. Retinal vascular disease would be expected to influence the vitreous, and vitreous detachment occurs early in patients with sickle retinal vascular disease. All but one of the patients with vitreous veils had signs of retinal vascular disease.
Few controls were examined, so that identification of abnormalities was based partly on comparison with known fundus appearances. However, striking retinal changes were frequent in the study group, and it is apparent that retinal vascular disease is well established in children between 5 and 7-5 years. Although qualitatively similar in SS and SC disease, most retinal vessel abnormalities were more common in SS disease in contrast with a higher prevalence of PSR observed in SC disease during adult life. Apart from the eye, vascular disease is accepted to be more common in SS disease, and our evidence implies that this also applies to vessels in the peripheral retina. If this is confirmed, then the high prevalence of PSR in SC disease must be related to factors other than simple vessel occlusion.
